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. They propose that factors produced by the bone marrow, including soluble uro kinase plasminogen activator receptor (suPAR), mediate podocyte injury.
Primary recurrent FSGS is a devastating disease of unclear pathogenesis characterized by proteinuria and typical morphologic changes within the glomerulus, including effacement of podocyte foot processes. Clinical observations and various 'experiments of nature' strongly support the presence of a circulating factor or factors that can produce rapid and profound podocyte effacement in FSGS [2] [3] [4] . Following renal transplantation, FSGS can recur in a patient shortly or immediately after anastomosis of donor and recipient blood vessels. Remarkably, transplantation of a kidney allograft from a recipient with biopsyproven recurrent FSGS into a patient with diabetes led to complete resolution of podocyte effacement and proteinuria 3 . These clinical observations provide strong support for the existence of a circulating factor in a subset of patients with FSGS who relapse rapidly after kidney transplantation.
Numerous inciting factors in recurrent FSGS have been proposed, including suPAR and cardiotrophin-like cytokine-1 (REF. Gr-1 lo cells in the bone marrow were also increased in other kidney disease models, including diabetic nephropathy, transforming growth factor β-mediated renal fibrosis, and nephrotoxic-serum-induced inflammatory glomerulonephritis. By contrast, direct injury to podocytes via specific activation of Rac1 GTPase did not result in expansion of this myeloid cell population.
What might these seemingly disparate diseases have in common? Hahm and colleagues suggest that expansion of immature myeloid cells that express uPAR on their surface leads to increased levels of circulating suPAR, which may be an important systemic factor leading to podocyte injury (FIG. 1) . In keeping with this hypothesis, they showed that the levels of circulating suPAR are indeed increased in all of the models studied, and that bone marrow from uPAR-knockout mice is not able to transfer kidney disease. A previous study from the same research group reported that activation of β3 integrin on the surface of podocytes leads to cell injury in the presence of elevated suPAR levels 5 . The current study did not report data on integrin activation in the kidney disease models, and this hypothesis would be interesting to investigate in future studies.
Translating the results from mouse models to a mechanism in patients is not straightforward. A challenge faced by Hahm et al. is the absence of expression of Sca-1 and Gr-1 in human myeloid cells, making it impossible to determine if the myeloid subpopulation identified in mice also has a role in human diseases. As a first step to overcome this obstacle, the researchers performed xenograft experiments using human CD34 + haematopoietic stem progenitor cells. Nude mice that received CD34 + cells from patients with recurrent FSGS, but not those that received CD34 + cells from a healthy individual, developed proteinuria -albeit very mild. The patient CD34 + cells
Despite evidence from rodent models and studies showing increased levels of suPAR in patients with recurrent FSGS, reproducibility of findings of elevated suPAR in these patients has not been universal [5] [6] [7] [8] [9] . More recently, suPAR was identified as an early predictive marker for the development of chronic kidney disease (CKD) 10 . In this observational study performed in two disparate cohorts with cardiovascular disease, increased levels of suPAR at baseline correlated with greater loss of estimated glomerular filtration rate during follow-up. Based on these findings, the researchers hypothesized that suPAR may be a key regulator of podocyte health in a variety of renal diseases.
In their study, Hahm and co-workers performed a series of sophisticated experiments showing that bone-marrow-derived cells transferred from proteinuric mice are sufficient to produce proteinuria in wild-type mice, and are a major source of suPAR production in mouse models 1 . Using a variety of approaches, including irradiation and bone marrow transplantation, they identified an expanded subpopulation of immature myeloid
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A population of immature myeloid cells in the bone marrow can transfer proteinuric kidney disease from affected to unaffected mice. This new finding highlights a possible central role of bone marrow as the source of the circulating factor(s) that lead to recurrent focal segmental glomerulosclerosis and potentially other kidney diseases. + cells from patients with recurrent FSGS produce a unique set of cytokines that promote expansion of Gr-1 + immature myeloid progenitor cells within the bone marrow, but further studies are needed to confirm this hypothesis.
An important question remains: what is the initiating factor (the LPS equivalent) in patients with recurrent FSGS? This chronic disease can relapse many years after kidney transplantation and some patients have multiple recurrences with associated graft failures. These relapses suggest that if bone-marrow-derived myeloid cells are responsible for FSGS, they must somehow remain expanded over the long-term. As the LPS model is an acute renal injury, it would be interesting to know for how long the population of immature myeloid cells remains expanded after stimulation, and if these cells are still able to transfer kidney disease in the mouse model at later time points. If this population is short-lived, other mechanisms will need to be identified to explain FSGS recurrence in the long-term. In addition, efforts to identify the 'responsible' cell and the mechanism by which it becomes stimulated in individual patients are important as they might pave the way to identification of novel treatments.
Hahm et al.'s study highlights a possible central role of bone marrow cells and derived factors in the pathogenesis of recurrent FSGS and perhaps other kidney diseases. Although additional studies are needed to determine if suPAR is the causative FSGS factor produced by immature dysfunctional myeloid cells, the new findings represent an important advance in our understanding of the pathogenesis of these diseases and identify cells within the bone marrow as potential therapeutic targets.
